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ABSTRAK 
Dalam projek ini, penyerapan dan penyingkiran pewarna biru Methylene (MB) 
ke atas makroalga, rumpai merah (E. Spinosum) dikaji. Eksperimen penyerapan-
penyingikran dibuat untuk menentukan eluen yang paling berkesan untuk penyingkiran 
pewarna dan mengkaji kebolehgunaan semula makroalga sebagai biosorben. Antara 
enam eluen yang digunakan, eluen yang paling efektif ialah asid nitrik (HNO3). Bagi 
kebolehgunaan semula makroalga, empat kitaran penyerapan,-penyingkiran diperolehi 
yang menunjukkan peratusan penyerapan pewarna menurun daripada 94.51% hingga 
48.45%, manakala peratusan penyingkiran berkurang daripada 51% kepada 23.4%. Bagi 
kesan kepekatan, keputusan menunjukkan bahawa 1.0M HNO3 memperolehi peratusan 
penyingkiran yang lebih tinggi menggunakan paras pH yang berbeza (pH1-pH5) di mana 
ia berkurang daripada 31.98% kepada 25.71%, berbanding dengan peratusan 
penyingkiran 0.5M HNO3 yang menurun daripada 27.42% kepada 25.43%. Walau 
bagaimanapun, kepekatan yang tinggi boleh menyebabkan kerosakan pada struktur 
biosorben, bagi menangani masalah ini, kajian lanjut perlu dilaksanakan dengan 
menggunakan eluen yang lain dengan kepekatan yang rendah untuk mengelakkan 
kerosakan pada struktur biosorben. Oleh itu, air suling digunakan dan kajian 
menunjukkan ianya berpotensi untuk digunakan sebagai eluen kos rendah kerana hasil 
yang diperoleh menunjukkan bahawa peratusan penyingkiran menurun daripada 26.26% 
kepda 21.94% dari pH 1 hingga pH 5. Kesimpulannya, hasil kajian ini menunjukkan 
bahawa makroalga boleh diguna pakai sebagai sorben mesra alam dan berkesan untuk 
penyingkiran pewarna. 
iv 
ABSTRACT 
In this research, biosorption and desorption of Methylene Blue (MB) dye from 
red macroalga, Euchema Spinosum (E. Spinosum) were observed. Biosorption-
desorption experiment were conducted to determine the most effective eluent for dye 
desorption and investigate the reusability of macroalgae as biosorbent. Among of the six 
eluents used, the most effective eluent to be found was nitric acid (HNO3). For reusability 
of the macroalgae, the four successive cycles of biosorption-desorption tests were 
obtained that show dye sorption efficiency decreased from 94.51% to 48.45% as well as 
desorption efficiency which is decreased from 51% to 23.4%. As for the effect of the 
concentration, the result indicated that 1.0M HNO3 obtained higher desorption efficiency 
using different pH level (pH1-pH5) in which it decreased from 31.98% to 25.71%, rather 
than desorption efficiency of 0.5M HNO3 which is decreased from 27.42% to 25.43%. 
However, high concentration may lead to the destruction of biosorbent structure, to tackle 
this problem further studies need to implement by using any other eluent with low 
concentration in order to avoid possible damage on biosorbent structure. Hence, distilled 
water is used and potential to be used as low cost eluent as the result obtained show that 
desorption efficiency was decreased from 26.26% to 21.94% from pH 1 to pH 5. In 
conclusion, the results of this study suggest that studied of macroalgae can favorably use 
as environmentally friendly and efficient sorbent for dye removal. 
 
 
 
v 
TABLE OF CONTENT 
DECLARATION 
TITLE PAGE  
ACKNOWLEDGEMENTS ii 
ABSTRAK iii 
ABSTRACT iv 
TABLE OF CONTENT v 
LIST OF TABLES viii 
LIST OF FIGURES ix 
LIST OF SYMBOLS xi 
LIST OF ABBREVIATIONS xiii 
CHAPTER 1 INTRODUCTION 1 
1.1 Background of Study 1 
1.2 Problem Statement 3 
1.3 Objectives 5 
1.4 Limitation of Research and Scope of Work 5 
1.5 Significant Research 6 
CHAPTER 2 LITERATURE REVIEW 7 
2.1 Introduction of Pollution 7 
2.2 Types of Pollution 8 
2.3 Pollution in Malaysia 11 
2.4 Dye 13 
vi 
2.5 Methylene Blue Dye 15 
2.6 Biomass 16 
2.7 Introduction of Macroalgae 19 
2.8 Structure of Macroalgae 23 
2.9 The Used of Macroalgae 25 
2.10 Coagulation and flocculation methods 26 
2.11 Activated Carbon Adsorption Method 27 
2.12 Membrane Filtration Method 29 
2.13 Biosorption- Desorption Method 32 
2.14 Reusability 33 
CHAPTER 3 METHODOLOGY 35 
3.1 Introduction 35 
3.2 MB Dye Preparation 37 
3.3 Macroalgae (biosorbent) Preparation 38 
3.4 Biosorption Performance 39 
3.5 Biosorption Experiment 40 
3.6 Desorption Experiment 41 
3.7 Reusability 43 
CHAPTER 4 RESULTS AND DISCUSSION 44 
4.1 Introduction 44 
4.2 Preparation of adsorbate and biosorption process 44 
4.3 Biosorption Studies 52 
4.4 Desorption Studies 53 
4.5 Reusability 54 
vii 
4.5.1 Effect of Concentration 56 
4.5.2 Potential Used of Deionized Water as Low Cost Eluent 57 
CHAPTER 5 CONCLUSION 59 
5.1 Introduction 59 
5.2 Conclusion 59 
5.3 Recommendations 60 
REFERENCES 61 
APPENDIX A SAMPLE APPENDIX 1 66 
 
 
viii 
LIST OF TABLES 
Table 1.1: Number of River Basins Monitored by Category from 1998 to 2014 in 
Malaysia 2 
Table 4.1: Data of Linear Equation of Calibration Curve of MB Dye Absorption 
(HCl) 45 
Table 4.2: Data of Linear Equation of Calibration Curve of MB Dye Absorption 46 
Table 4.3: Data of Linear Eqution of Calibration Curve of MB Dye Absorption 
(HNO3) 46 
Table 4.4: Data of Linear Equation of Calibration Curve MB Dye Absorption 
(NaOH) 47 
Table 4.5: Data of Linear Equation of Calibration Curve MB Absorption (NaCl) 47 
Table 4.6: Data of Linear Equation of Calibration Curve of MB Dye Absorption 
(H3PO4) 48 
Table 4.7: Data of Linear Equation of Cycle 2 49 
Table 4.8: Data of Linear Equation of Cycle 3 49 
Table 4.9: Data of Linear Equation of Cycle 4 50 
Table 4.10: Data of Linear Equation of Concentration Effect 51 
Table 4.11: Data of Linear Equation of MB Absorption for DW 51 
Table 4.12: Removal Efficiency and Sorption Capacity of MB Dye Solutions 52 
Table 4.13 Percentage of Biosorption-desorption Efficiency of Six Different 
Eluents 53 
Table 4.14: Biosorption Efficiency and Desorption Efficiency of the Cycles 55 
Table 4.15: Desorption Efficiency of MB Dye in 0.5M and 1.0M of HNO3 
Concentration 56 
Table 4.16: Result of Percentage of Desorption Efficiency Using Distilled Water 
(DW) 57 
 
ix 
LIST OF FIGURES 
Figure 2.1: Water Pollution 8 
Figure 2.2: Air Pollution 9 
Figure 2.3: Soil Pollution 9 
Figure 2.4: Thermal Pollution 10 
Figure 2.5: Genus Indigofera 13 
Figure 2.6: Isatic Tinctoria 14 
Figure 2.7: Methylene Blue (MB) Dye 15 
Figure 2.8: By-products from Wood Remanufacturing 16 
Figure 2.9: Residues from Agriculture and Waste Product 17 
Figure 2.10: Municipal and Industrial Wastes 17 
Figure 2.11: Ethanol Production Plants 18 
Figure 2.12: Waste from Construction Sites 18 
Figure 2.13: Walnuts 19 
Figure 2.14: Brown Seaweed, Sargassum on the Inshore Great Barrier Reef 20 
Figure 2.15: Sargassum (Brown Algae) 21 
Figure 2.16: Ulta Lactuta (Green Algae) 21 
Figure 2.17: Euchema Spinosum (Red Algae) 22 
Figure 2.18: Structures of Macroalgae 23 
Figure 2.19: Life Cycle of Macroalgae 24 
Figure 2.20: Porphyra 25 
Figure 2.21: Alginate 25 
Figure 2.22: Phytoplankton 26 
Figure 2.23: Process of Coagulation and Flocculation 27 
Figure 2.24: Powdered Activated Carbon 28 
Figure 2.25: Granular Activated Carbon 29 
Figure 2.26: Microfiltration Membrane 30 
Figure 2.27: Ultrafiltration Membrane 31 
Figure 2.28: Reverse Osmosis Membrane 31 
Figure 2.29: Nanofiltration Membrane 32 
Figure 2.30: Application of Electric Field in Desorption Process 34 
Figure 3.1: Flow Chart of the Methodology 36 
Figure 3.2: Preparation of Stock Solution of MB Dye 38 
Figure 3.3: Sieve 39 
x 
Figure 3.4: The Optimum Wavelength of Methylene Blue (MB) dye 39 
Figure 3.5: Addition of Macroalgae into MB Dye for Biosorption 41 
Figure 3.6: Condition of Eluent After Desorption 42 
Figure 3.7: Biosorbent After Desorption Process 42 
Figure 4.1: Calibration Curve of MB Dye Absorption (HCl) 45 
Figure 4.2: Calibration Curve of MB Dye Absorption (KOH) 45 
Figure 4.3: Calibration Curve of MB Dye Absorption (HNO3) 46 
Figure 4.4: Caibration Curve of MB Dye Absorption (NaOH) 47 
Figure 4.5: Calibration Curve of MB Dye Absorption (NaCl) 47 
Figure 4.6: Calibration Curve of MB Dye Biosorption (H3PO4) 48 
Figure 4.7: Calibration Curve of Cycle 2 49 
Figure 4.8: Calibration Curve of Cycle 3 49 
Figure 4.9: Calibration Curve of Cycle 4 50 
Figure 4.10: Calibration Curve of MB Absorption for Concentration Effect 50 
Figure 4.11: Calibration Curve of MB Absorption for DW 51 
Figure 4.12: Desorption Efficiency vs Types of Eluent 53 
Figure 4.13: Biosorption-desorption Cycles of MB Dye onto E.Spinosum 54 
Figure 4.14: Desorption Efficiency of 0.5M and 1.0M of Nitric Acid 56 
Figure 4.15: Desorption of MB Dye in Distilled Water (DW) 57 
Figure 5.1: Macroalgae Dried in an Oven 66 
Figure 5.2: Sieve (size:0.7-1.5mm) 66 
Figure 5.3: Preparation of MB Dye 67 
Figure 5.4: Eluent Fill in Median Bottles 67 
Figure 5.5: MB Dye for Biosorption 68 
Figure 5.6: Desorption of MB Dye 68 
Figure 5.7: MB Dye Loaded Macroalgae 69 
Figure 5.8: Dried Macroalgae After Desorption 69 
 
xi 
LIST OF SYMBOLS 
C4H6OH 
°C 
% 
(CH3)2CO 
H3BO3 
CHCl3 
C2H5OH 
Cf 
D% 
g 
C3H8O3 
HCl 
HCL 
Ci 
CgH18 
M 
mg/g 
mg/L 
qe,biosorption 
qe,desorption 
CH3OH 
MB  
mL 
min 
nm 
HNO3 
NH3-N 
R% 
H3PO4 
KOH 
KI 
rpm 
s 
NaCl 
1-Butanol 
Celcius 
Percentage 
Acetone 
Boric acid 
Chloroform 
Ethanol 
Final MB dye concentration 
Desorption efficiency 
gram 
 Glycerine 
Hydrochloric Acid 
Hydrogen chloride 
Initial MB dye concentration 
Isooctane 
Mass 
Milligram per gram 
milligram per liter 
MB dye biosorption capacity 
MB dye desorption capacity 
Methanol 
Methylene Blue 
Milliliter 
minute 
nanometer 
Nitric acid 
Nitrogen ammonia 
Percentage removal 
Phosphoric acid 
Potassium Hydroxide 
Potassium iodide 
Revolution per minute 
seconds 
Sodium Chloride 
xii 
NaOH 
Na2SO4 
Na2S2O3 
V 
C8H10 
Sodium Hydroxide 
Sodium sulphate 
Sodium thiosulfate 
Volume 
Xylene 
  
  
  
  
  
  
  
 
 
xiii 
LIST OF ABBREVIATIONS 
BOD 
DOE 
DW 
E.Spinosum 
NTU 
SS 
TS 
WQI 
Biochemical Oxygen Demand 
Department of Environment 
Distilled Water 
Euchema Spinosum 
Nephelometric Turbidity Unit 
Suspended Solids 
Textile Sludge 
Water Quality Index 
 
 
  
  
  
  
  
  
  
1 
CHAPTER 1 
 
 
INTRODUCTION 
1.1 Background of Study 
Nowadays, environment pollutions are significantly increase through the year in 
Malaysia. There are three main types of environment pollutions which are air pollution, 
water pollution and land pollution. According to Department of Environment (DOE), 
Table 1.1 shows the result from the River Water Quality Monitoring Programme that had 
been conducted by them in order to analyse Water Quality Index (WQI). Based on the 
table, starting from 1998 it showed polluted river was 16 rivers and slightly reducing to 
9 polluted rivers in 2005. However, from 2006 to 2012 it showed fluctuated results which 
from 15 polluted rivers become 12 polluted rivers. Unfortunately, the results showed the 
polluted rivers increase from 10 to 12 rivers from year 2013 to 2014. From the results, it 
can conclude that water pollution is one of the main contribution to the pollution in 
Malaysian, hence it need to be control and improve in order to prevent the quality of 
water become worst in the future.  
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Table 1.1: Number of River Basins Monitored by Category from 1998 to 2014 in 
Malaysia 
Water Quality Category 
Years Total River Basins 
Monitored 
Polluted Slightly polluted Clean 
1998 120 16 71 33 
1999 120 13 72 35 
2000 120 12 74 34 
2001 120 13 47 60 
2002 120 14 43 63 
2003 120 9 52 59 
2004 120 9 53 58 
2005 146 15 51 80 
2006 146 7 59 80 
2007 143 7 45 91 
2008 143 7 60 76 
2009 143 9 64 70 
2010 143 13 65 65 
2011 140 11 53 76 
2012 140 12 54 74 
2013 140 10 56 74 
2014 140 12 66 62 
Source: (‘Alam sekitar’, 2015) 
In addition, on Wednesday (25 May 2016), it was reported in Utusan Melayu that 
the total of 43 rivers, or 9% of rivers in the country, mostly in the urban areas are polluted, 
said Natural Resources and Environment Minister Wan Junaidi Tuanku Jaafar. Out of the 
473 rivers monitored by the DOE which 186 rivers, or 39%, were slightly polluted while 
244 rivers or 52% were clean. Even though the results showed clean rivers is more than 
polluted rivers, but all parties need to take part in the rivers cleanliness to ensure the 
continuity of Malaysia water resource. 
Water pollution are growing concern due to present of toxic nature from 
wastewater resulting critical threat to environment and human health. Among of the 
sources of water pollution are come from domestic and industrial sewerage, effluents 
from manufacturing and agro-based industries and heavy metals from factories (Abdolali 
et al., 2015). Nevertheless, one of the major sources of water pollution is dye content in 
wastewater from textile industry in many country which dangerous due to high content 
of chemical reagent (Wong et al., 2017). 
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Therefore, the elimination of dye effluent from wastewater must be treated before 
discharge to the natural water bodies as protection to the environment and public health. 
Thus, various conventional methods are employed for dye removal in wastewater such 
as reverse osmosis, coagulation, flocculation, ion exchange, precipitation and membrane 
separation. The list of the methods shows a significant potential in order to remove dyes 
from wastewater. Despite of that, because of high chemical content of dyes, it becomes a 
challenge to deal as it involved complexity and high cost in operation including high 
energy requirements. To tackle the challenge, the used of low cost absorbents as effective 
alternative to the conventional methods resulting various successful application of these 
inexpensive cost, naturally occurring, readily available organic absorbents (biomass) in 
industrial effluents treatment using adsorption processes as reported in various studies. 
Therefore, biosorption has been declared as eco-friendly and cost effective alternative 
among currently used method for dyes removal and /or as wastewater treatment. 
Recently, there are many investigation by various group used macroalgae such as 
seaweeds as biosorption mechanism (Daneshvar et al., 2017). 
In this study, desorption mechanism may involve ion exchange whereby sorbed 
dyes are desorbed from the sorbent (macroalgae) to yield a small volume of concentrated 
dye solution. It will also be useful for reusability of the biosorbent and discarding them 
safely. The aim of this study is to determine the reusability of the macroalgae use for dye 
removal. 
1.2 Problem Statement 
Among of the various type of pollution water pollution is one of the pollution that 
need to be concerned for future generation in Malaysia. Water is the most important 
source that needed by living creature for living such as water for drinking, sanitation, 
food and agriculture, photosynthesis for plant and so on. Thus, water pollution must be 
prevent before it become worst. It is found that, dye contamination is one of the source 
that contribute to water pollution due to high in toxic content (Pang and Abdullah, 2013). 
 
 
61 
REFERENCES 
Abdellaoui, K., Pavlovic, I., Bouhent, M., Benhamou, A. and Barriga, C. (2017) ‘A 
comparative study of the amaranth azo dye adsorption/desorption from aqueous solutions by 
layered double hydroxides’, Applied Clay Science. Elsevier B.V., 143, pp. 142–150. doi: 
10.1016/j.clay.2017.03.019. 
Abdellaoui, K., Pavlovic, I., Bouhent, M., Benhamou, A., Barriga, C., et al. (2017) ‘Studies on 
sorption, desorption, regeneration and reuse of sugar-beet pectin gels for heavy metal removal’, 
Journal of Environmental Chemical Engineering. Elsevier Ltd, 140(1–3), pp. 480–490. doi: 
10.1016/j.clay.2017.03.019. 
Abdolali, A. et al. (2015) ‘Characterization of a multi-metal binding biosorbent: Chemical 
modification and desorption studies’, Bioresource Technology. Elsevier Ltd, 193, pp. 477–487. 
doi: 10.1016/j.biortech.2015.06.123. 
Activated Carbon For Drinking Water (2018) Decarbons.com. Available at: 
http://www.deqcarbons.com/drinking-water/ (Accessed: 13 June 2018). 
‘Alam sekitar’ (2015). 
Alina Bradford (2018) Pollution Facts &amp; Types of Pollution, Live Science. Available at: 
https://www.livescience.com/22728-pollution-facts.html (Accessed: 22 May 2018). 
Bakar, J. M. A. (2016) ‘Kualiti air sungai Malaysia membimbangkan’. Available at: 
http://www.utusan.com.my/sains-teknologi/alam-sekitar/kualiti-air-sungai-malaysia-
membimbangkan-1.334427 (Accessed: 13 May 2018). 
Bernama (2016) 43 Rivers In Malaysia Polluted, Says Minister, malaysiandigest.com. Available 
at: http://malaysiandigest.com/news/613026-43-rivers-in-malaysia-polluted-says-minister.html 
(Accessed: 13 May 2018). 
Bernardo, G. R. R., Rene, R. M. J. and Alfaro-De la, A. D. la T. (2009) ‘Chromium (III) uptake 
by agro-waste biosorbents: Chemical characterization, sorption-desorption studies, and 
mechanism’, Journal of Hazardous Materials, 170(2–3), pp. 845–854. doi: 
10.1016/j.jhazmat.2009.05.046. 
Brown algae are used for fibromyalgia, cancer, osteoarthritis (2010) Pinterest.com. Available 
at: https://www.pinterest.com/pin/319474167287527415/?lp=true (Accessed: 13 May 2018). 
Cai, J. et al. (2017) ‘Review of physicochemical properties and analytical characterization of 
lignocellulosic biomass’, 76(October 2016), pp. 309–322. doi: 10.1016/j.rser.2017.03.072. 
Coagulation and flocculation in wastewater treatment (2013) Aquarden Technologies. 
62 
Available at: http://aquarden.com/technology/coagulation-and-flocculation/ (Accessed: 13 June 
2018). 
Construction &amp; Demolition —  Marketplace (2016) Tennessee Materials Marketplace. 
Available at: http://tennessee.materialsmarketplace.org/construction-demolition/ (Accessed: 13 
June 2018). 
Daneshvar, E. et al. (2017) ‘Desorption of Methylene blue dye from brown macroalga: Effects 
of operating parameters, isotherm study and kinetic modeling’, Journal of Cleaner Production. 
Elsevier Ltd, 152, pp. 443–453. doi: 10.1016/j.jclepro.2017.03.119. 
David Wolfe (2015) Eat 5 Walnuts &amp; Wait 4 Hours: This is What Will Happen To You! - 
DavidWolfe.com. Available at: https://www.davidwolfe.com/eat-5-walnuts-wait-4-hours-this-is-
what-will-happen-to-you/ (Accessed: 13 June 2018). 
Edward Noah Abrahart, J. B. S. (2011) dye | Definition &amp; Types | Britannica.com. 
Available at: https://www.britannica.com/technology/dye (Accessed: 11 June 2018). 
Feryal Jamal Kherissat (2014) Kelp Forest. Available at: https://www.slideserve.com/ehren/by-
feryal-jamal-kherissat (Accessed: 22 June 2018). 
Five Techniques for Sustainable Building Construction (2015) For Construction Pros. 
Available at: https://www.forconstructionpros.com/business/article/12068798/five-techniques-
for-sustainable-building-construction (Accessed: 13 June 2018). 
Frechen. (2014) Handbook of environmental odour management. IWA Publishing. 
Granular activated carbon (2015). Available at: https://www.dreamstime.com/stock-photo-
granular-activated-carbon-water-filter-texture-background-image50378304 (Accessed: 13 June 
2018). 
Hashim, M. A. and Chu, K. H. (2008) ‘Biosorption of cadmium by brown, green, and red 
seaweeds’, Chemical Engineering Journal, 97(2–3), pp. 249–255. doi: 10.1016/S1385-
8947(03)00216-X. 
Henry Nowicki, G. N. (2016) The basics of activated carbon adsorption. Available at: 
https://www.watertechonline.com/the-basics-of-activated-carbon-adsorption/ (Accessed: 13 
June 2018). 
Hubbe et al. (2012) ‘Cellulosic Substrates for Removal of Pollutants From Aqueous Systems: A 
Review. 2. Dyes’, 7, pp. 2592–2687. 
Introduction to seaweeds (2010). Available at: 
http://www.niobioinformatics.in/seaweed/introduction.htm (Accessed: 13 May 2018). 
63 
Jabatan Alam Sekitar (2015) Pengenalan kepada Status Kualiti Air Sungai | Jabatan Alam 
Sekitar. Available at: https://www.doe.gov.my/portalv1/info-umum/kualiti-air-sungai/275 
(Accessed: 13 May 2018). 
Jean-Francois Denault (2018) Cellulosic ethanol. Available at: 
https://www.britannica.com/technology/cellulosic-ethanol (Accessed: 13 June 2018). 
Kike Calvo (2011) city dump. Available at: https://www.alamy.com/stock-photo-la-chureca-
spanish-slang-word-for-city-dump-is-the-municipal-domestic-43196632.html (Accessed: 13 
June 2018). 
M.D Guiry (2014) The Seaweed Site: information on marine algae. Available at: 
http://www.seaweed.ie/algae/ulva.php (Accessed: 13 May 2018). 
Mahmoodi, N. M. et al. (2011) ‘Preparation, characterization and dye adsorption properties of 
biocompatible composite (alginate/titania nanoparticle)’, Desalination. Elsevier B.V., 275(1–3), 
pp. 93–101. doi: 10.1016/j.desal.2011.02.034. 
Malaysia air quality ‘unhealthy’ as haze obscures skies (2014) malaymail.com. Available at: 
https://www.malaymail.com/s/716465/malaysia-air-quality-unhealthy-as-haze-obscures-
skies#jBMIXyjSxpC7i2oz.97 (Accessed: 13 May 2018). 
Membrane Filtration (2009). Available at: https://www.sswm.info/sswm-university-
course/module-6-disaster-situations-planning-and-preparedness/further-resources-0/membrane-
filtration (Accessed: 13 June 2018). 
Membrane processes (2009) Fuma Tech. Available at: 
https://www.fumatech.com/EN/Membrane-processes/index.html (Accessed: 13 June 2018). 
Mokhtar, N. et al. (2017) ‘Journal of Environmental Chemical Engineering Biosorption of azo-
dye using marine macro-alga of Euchema Spinosum’, Journal of Environmental Chemical 
Engineering. Elsevier, 5(6), pp. 5721–5731. doi: 10.1016/j.jece.2017.10.043. 
Pandimurugan, R. and Thambidurai, S. (2016a) ‘Novel seaweed capped ZnO nanoparticles for 
effective dye photodegradation and antibacterial activity’, Advanced Powder Technology. doi: 
10.1016/j.apt.2016.03.014. 
Pandimurugan, R. and Thambidurai, S. (2016b) ‘Synthesis of seaweed-ZnO-PANI hybrid 
composite for adsorption of methylene blue dye’, Journal of Environmental Chemical 
Engineering. Elsevier B.V., 4(1), pp. 1332–1347. doi: 10.1016/j.jece.2016.01.030. 
Pang, Y. L. and Abdullah, A. Z. (2013) ‘Current Status of Textile Industry Wastewater 
Management and Research Progress in Malaysia: A Review’, CLEAN - Soil, Air, Water. Wiley-
Blackwell, 41(8), pp. 751–764. doi: 10.1002/clen.201000318. 
64 
Phytoplankton (2018). Available at: https://reefphyto.co.uk/collections/phytoplankton 
(Accessed: 22 June 2018). 
Prashant Lokare (2013) Sodium Alginate. Available at: 
http://www.viiprachemicals.com/sodium-alginate--1597962.html (Accessed: 22 June 2018). 
Published (2015) Different Types of Pollution: Causes of Water, Air, Soil, Thermal, Light and 
Noise Pollution, readanddigest.com. Available at: https://readanddigest.com/what-are-different-
types-of-pollution/ (Accessed: 13 May 2018). 
Rebecca Lake (2017) Types of Environmental Pollutants, Livestrong.com. Available at: 
https://www.livestrong.com/article/177248-how-do-factories-pollute-the-air/ (Accessed: 22 
May 2018). 
Seaweed (2017) Seagrass LI. Available at: 
http://www.seagrassli.org/ecology/fauna_flora/seaweed.html (Accessed: 22 June 2018). 
Sohbatzadeh, H. et al. (2017) ‘Insights into the biosorption mechanisms of U(VI) by chitosan 
bead containing bacterial cells: A supplementary approach using desorption eluents, chemical 
pretreatment and PIXE–RBS analyses’, Chemical Engineering Journal. Elsevier B.V., 323, pp. 
492–501. doi: 10.1016/j.cej.2017.04.088. 
Stubble Digest (2018) Soil Technologies Corp. Available at: 
https://www.soiltechcorp.com/product/stubble-digest (Accessed: 13 June 2018). 
Susan Berg (2017) Types of Pollutants, Sciencing.com. Available at: 
https://sciencing.com/types-pollutants-5270696.html (Accessed: 22 May 2018). 
Tassist, A. et al. (2009) ‘Removal and recovery of copper from aqueous solutions by 
Streptomyces rimosus biomass: Enhancement of regeneration by desorption-electrolysis 
coupling’, Desalination and Water Treatment, 3(1–3). doi: 10.5004/dwt.2009.462. 
Types of Biomass (2012) amtsolar.com. Available at: http://www.amt-
solar.com/index.php/en/biomasse/types-of-biomass (Accessed: 13 May 2018). 
Tyrone Clarke (2016) Coastal Communities. Available at: 
http://slideplayer.com/slide/6618482/# (Accessed: 22 June 2018). 
Wang, J. and Chen, C. (2009) ‘Biosorbents for heavy metals removal and their future’, 
Biotechnology Advances. Elsevier Inc., 27(2), pp. 195–226. doi: 
10.1016/j.biotechadv.2008.11.002. 
Wong, S. et al. (2017) ‘From pollutant to solution of wastewater pollution: Synthesis of 
activated carbon from textile sludge for dye adsorption’, Chinese Journal of Chemical 
65 
Engineering. Elsevier B.V. doi: 10.1016/j.cjche.2017.07.015. 
 
